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(57) Abstract: 



PURPOSE: A bidirectional 
optical communication module 
is provided to couple a 
bidirectional optical device and 
an optical fiber effectively by 
integrating a receiver in a 
semiconductor laser for 
transmission as a single chip. 

CONSTITUTION: An integrated 
laser diode(IO) is bonded to a 
substrateOl ) made of a 
diamond or alumina material. An 
optical fiber core(23) and a 
v\/aveguide(1 ) of a laser diode 
are aligned correspondingly so 
that the laser diode(IO) is 
electrically driven and optical 
coupling is made maximumly. 
An optical fiber(20) is ground so 
as to be inclined, so that a 
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pointed portion is directed to a receiver. A gap between an optical device and the 
optical fiber(20) is filled with medium(25) for adjusting a reflective index. A reflection 
matter(33) is formed perpendicularly to a waveguide direction toward a monitor photo 
diode(36). A received light from the optical fiber(20) is bent toward a receiverd Oa) 
by a reflective difference between the optical fiber(20) and the optical coupling 
medium(25), absorbed in an optical absorption layer of the receiverd Oa), and 
converted into a current. The current is detected by an external circuit through a p- 
type common electrode and an n-electrode of the receiver. 
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£ 4^ ^ mgo| ssaoi^E:?^ s^© g/^^i^ i,^:i:Xf8 ^^s^^ o|0|j ^^^y,,^ 2^0, auises 2^21 uef^h 
p. 

10a: 4=^rl^Xf 10: 2>^^^lf § 

20 : l^ 23 : ^^^^ 30^ 

25: ^^M^^'OHi^l 19: «l£x^l £11 01 Xi 2J SBF^ 

31 : ^ai^ 41 : 4^§§lg ^d!^ 

33: &^A^-^^E^ 36: eUEiSSaoi^H 

43a: 1.^ ^U^g V-S 43b: Ih^^ V-S 

17a. 17b: ilH^ 47: SfOICH 

To : aiOITHHI ^AigT Ro : l^^^^¥&i 4^^^ 

^tl ¥^01 £.OH£l ilH^IXl LHOll ^ ^4=^ 2^01 :?H^^£r2iou 01 «A| IT^^ Mgi^Oil^ ^=^01 SID ^ 

4=<MS S6fo^ ^Aiaii mD\ ais^ oidi oi^chx^ ^.q. ir^^ t^:^^R^^ o, ^.ai Ai^g ^aioii ^^6^ 

^ ^'^^m ^^m^ow oxo\k\, ^^m 2.'^m m^^^ eee mu^ ^:)h^ uvoi y ^eh^ ^m^ ± 

XK eiioixi. Ddin 4^^^ :±:X^ m 3:?H2i ±x\^ ^^aoj 2i(Lf. g^::>i-£uF^ ::^x^o^lA^ ^^m^ ^^^2^ 

^t^£iffl oi^oii^ aiioixHsi- 4^^4:XF:?h ^^^i ^t^g oi^s^ ^^^ick 

• • ' 

^^£Ex•ll aioix-jojiAH ^^:pt ^n^^ 4,xK)ii ^ ^§,^£101 g^uh^s cc^^^ ^f|HmD:'F y m^\^m xiu sg^ g^m^ ^mm :HXi ^ 

^^^iraoi LPFDii sDj. «>eoii s^^^^Ei ^^£iif^^ ^E^aoi' ^iiymcph y ^y\^o\\A^ ^oi gr^o^ 

□ £HU. 0|a^^^ ^^gOjlAHb Ihtru^ ±X[9^ gf^OIIAH ^:^X^2^ IT^^g ^^^^ ^^^E^mOl Y ^:)\0\\ 2J6H 1^ aisM ^ail,^o^M-| 

EX]\^o\ A^oi^A.Qi DH^ djXA ^Ai£l^ l^e^Hf ^Ai£l^ m2] ^^^fA|9MI £1^ Bg0[ 2^C|- Li^OI ^^^^2\ ^X[m 

^ sEgf oiM# iiH^is g^K)^ ^^^mg Md^ msimm M^'m^^m, ee^ x-ii^^ 4^^£iot ±i 

gEH esej ¥M 4-£^ a ^^m m^\^ gge sh^tspi si^^ah &}e^^i aioix-i. ^^^^.xk deih 
Eu^^ :i^xf e ¥Me "iEx^i sse oigmoi e.oh^ i:'!^^ ?io]} s^6^01 x-ii^^^m^ ^^o\ aie£ii5 sicf. 01 xn^^m ^^^x\^ 
jwm:^x\m M^m m ^^oi ¥46foi se§! ^^^^ °ie s^smm xii^^m^ 4 91d\o\\ md\^ g§oi B^if£i^ oisoi 910. 

zia-iu. 01 ^Ai Eiih^s M^B\D\o\\ x\n\o\\A^2} ^^^^s mm ^ ^11. ±mmJi oia^^cw. mwm ^^^ni j\b^'o\\ ah^ 

i^Xfeoi i^^E^ il^lUI^I 4^ge ^^Q^ ^E: QH¥ Oi^CK 

E^:?F^^2| g^^S gAJsSJ ^>il 4=^g SAiOII EE QFE ^^S^ ^4^§^ WE\ ^'^^ ^Oil CHmOj 45"3ieoiXI^I 
^ ^ ^^i^o^ i^-EHO) ^H^oji eiI0IX^S, nail] I'E-lSl ^^o^ ^^^:o ^ ^^a^Qii 90°^lxl0]| 4^E^:i:Xfg ^|X|A|5|^ 

BlIOIXiailAH US ^ £^ g SUFsfOI ^^^i,^£|D1. ^^^^^^EH ^^fi£l^ 4-ai Al^^^^ ^&(}||A4 90^SL^ Ah£| 01 ^^1^ 

±x[^ ^^mm£\^ ^ais i^^^Q. olaig^ ^^si ^^e^si s^. siai^ ^^Ba^u ^^^^2] g>:^x^g xii^^anot sfo^ xh^^s^i^ mEi2\ 
iM^D[o\mii m ^ ohuaf mEi9\ ^±xi e hh^is g§oi tjhii-s^di g^i^ >^al:?^ ^chxi^gii in^ s^ir 

=^^di>^SE ^01 ^0\X\^ B^0\ SiCK 
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§hs s^sa Mgoii ^fe \i\mm 4^ sjooi. oioii a:^£^ oieh^hi ifvsa =^ S5h s:hi ch^ o.^ ^m^m =?^m^~^' 
n ack oi£)sf agfsf aie:7> oi^cmii s(2u vnpf ai! ¥ga 4=:?f e.^ooi 321 nis,^ ses^ jfps^iAH swias sa"™a^oi 

:>moi bisoi ^►oi g?ii afe gjiiss otii sia. ° ° ^' ° 

?is^ g ^^s£i HM ^Ai 011011 °|8^^. smss aioin aoien ^ ■=^=g ^xi:>i Diwt&^on gsis gfssrs ^ :i; 
XK sj g s^g g i-uAi^i B^.g^^g oi§& gfgjtf gs6j e-goii o,oiah, &^^| g^°oj i^^g □ 

^ ^01 oi^fe oii^^oi EiE« ssm^ii ^Q^o^D1.:0lM§ s^e^ai gfsxii ai own wiAi g} safe ^a) g^o 30^^ g2t,^aoi 

g^S aOiOllAH gfgSlfe 4=6! g2 ofgftf g4:XF°l 4=g^^S SgSIOi ^4=3311 tfoM)lM'.t.UH£| gS^S SmOl gfS-ff gSAIS 

5f?ii 8ffe gsi.1 esol mgscK ,•■ •. ■. • ==. ==.^ = 

g M2 ^AIOIIOII SIS^0, 4=gr^I(« &.^Et^| aiOIX-IOirg^Sf ofgfSf g4:XKHI eUEl's£aol2 = » SAIOll g5!§K)l gSSfl] gS 

oo| aese y\s-j^\ ^o^5^□l. oies ga&Ai &^£x^l aioixioiiA) mms^ ^id-ms g"^^ aojs gg&sm g^^ soichiai ^#£1!= 
4^ gs gfgis gifc»2j <-g^^s ggacH S4£i?ii ga^»;S6tdf::s.^gr*? gs^s ^ffeSMi SAiwe.fEni eii 

0IXH2I s^oiiAH ^ma^ mm e.^A^x^|= oisskm e^AhAi^i m^tiJiow s^js ,sUa S£qoi2ewi g 2i,^£j£B eg gs? 
e oiggt gfgisf ge<y mgscK ., • iv; : . 

g m'SBi m^^m MMcum m^^. yew aioixioii "4=•g■:ixp^ s^is g»g,^s.'g>iXK))i-^&soi sof^ gg^« AhgsK)i ggis 
M^ 4g^xK)ii s^Ex^l aioixioii $ai go, ga° -ea.aiMsj sus xii^isn?- ^Aiteggt^ ss» sxi^sahe ^Aigo,.ggf 
s ^□shmm gegoj =?^m e^a si i^sasm uhsis ssoii yoiss goi fe^ tiigg ofg^t g^o, j,|stg 



SEef, 01 g^aif g^XKMI aUEl iSChOISEg S?!Allj°SAM.^EO| aU E<'SS-CkOI 2E£] Af§01l CCfS dlSSJ s:?^B i|>bSA|3|ffl gf 

gd;x^2^ 2UEI 2SCfoi£Esi ggs^ ^ss B^a i!^:^^ss^s^ol nii9i§'4§oii'fe'e& boies soiz! a^gftf g:^xt oiaioia 

iBI9IS0ll 9iO\MS: BGIEfW flHSIXI 'giOi ayEi SS.DOI2Ea:AKg .t-'4 2iCf. 

olSK g g,^ssi b^g^^!§^ ^'AioiiB s^Ess mzim #/jisi asthp. '.• ■.5 .\ ■ .:: 

B ^^swi ccfff a^g^tr g4:x^fe sa^^ ^^j,, :,|.nK)ii ghEJii aioixiVioii-:4^,&kxis ^sais^ seh« ^ixioi oimi eiaai 
aioixH2f ^griiXf ^521 A^ol(«| oife dS e.^Ex^|gs■ ss;ahs s^shw ,4i5i:o.e-::ga^ n-p-n ^SB oi^?ii sck" 

gf&^Sf'-gi^Woj HIS fe'AI OilSAH, OHU« OISSE^ &.^EX^|.e^lOIX^■(P^anar B.uried AeteVostructure Laser Diode)2J InGaAs^ 4-giXf:'F 
Sg I'le&^OII S^S E 10)1 £|>18f01 ^M\S\ ^^m?^ PS3} STCf. - V* 

&Eai aiOlM esCHI CC^£^ = ^ :J|fe^ g§ sgg (Metal organic Chemical Vapor Deposition) Efe 9!!4^ oiini S§ WsS (Liquid 
Phase Epitaxy) Sah 2§ S§ gfSOII 2I8H Sfe^^^& InP 31lg2| e^EHI eilOIXiS HI^&D.^. g Em£(19)« LWXWsl ?I5.K1)21 p-InG 
aAS 0liniS{3)O£ e^EHI aiOIXH aolEE ?IOII. ESaXI a^S InP S(5). ESaXI 2tB InGaAs g S=4S{7) S! nS )nP'S(9)S 

l|5f2S SS*h ^. 4-g^Xf S^o£ §o|@ ^go^s /HSj /^2^t^[:^. ' ov ;s w. 

01(111. e.tEfll ai0IXH2| gB§^S SAISIfe ELlEi SSQIOiaEE S2!6f01 4 9i°!M. 01 §^ SLIEi SSQOISEfe S}E*II aiOIXHSI 

EulS id&^OIIAH 4giliX^^^ &.^CHafe 5011 ?IXlA|3|feC|| 4=gii:X^ S«2j ifatAI ELIEH SSaOI2E2| S«S §2|8fO) SAIOII Ai:>^st 
2iCI. Z1£II3. gSMCll)^ 4g±W SI-EUEH SSChOIEE"] g S4.?f S = S §2imi2. XHlf^ g^g OI¥fe S^Eg p 

g InGaAsO) S°S¥EH S^Exfl aiOIXiSI 4g4;XJ2| (13) (EUEiSS POISE S^-AIOIIE =ge SSa^S A|g&) n*- InP ^ 

(9)2S^EH -;^g4:Xf£l nS S§ 2^(15)8 (EUEI SSDOIEE S^jAIOIIfe ^221 n 2=» gS) ggSfOl ^\0\m S§S 

£t CI" . 

Oira. g^*,' ess ¥l5HAHfe SSS 4' 21 DIJim Bg^g o,g,c>, 2f2,^oj xi^ jlHE 0121 Oil 01^21 ggg.' sgg IiHE(17)g 4 °"P 

Ol:?. ?JI0lffl2| fiBS ^IHIS 30t * nS lnP^I&(1)2f X^l^^ g^S OI¥fe S^S gSfShOl yESI aiOIX-t2| a = S SSStI! ' 

ai'is ^:H(cleavino)s^o^ B?i gog gaiifogMi i^g^sr■g:tx^ s(io) (auEi ssdoi2e g^iAioiife a^jg gigfif.g>;xi m 
^►^1 s§§ SSI01 Hists gf&fif g^xKio)fe «^afe gg^a ggsM oi^.:ji mmoi ^'§sp. pes oiaith g^xfoii g gua^ 

ga^OilAHa g <yS2J °7e^ S!£lg E 2« S^SolOI ^SShP. . , ^ 

E 2B e^EHI aiOIX-IOIIAH s'ai g(To)OI gS^ aBS(21)0llAH yAjaOl 4gd;XK)1l S4=g£SM1 gfigife §e:?^ gfxia 

fe 3jS SXl5i:?l ¥ISh01. gg^ §BS(21)3f g^S ^0! Ojs^ 2fEM OI|2fOI BE* SSS^?li SOfmOl A^§t^D Olfe g #^2J aSS 
feOieife S2) I'fiOII SJ^gog 20H?.4E giD. 

sS6f:hi oi|2,'0£ i«D,gf ggog Aigsfoi gfsi,* g4:Xia gg*'s oi^^ gAis:7rg:5iojiAi gg^s e^ □ «og ggoQUAi 

S:'IS aSfellH A-g; (Snell)2) «£| (n, sin 9, = m sin 02. OiD\M n, a nz^ OHx^l 13f 2a g§»g 2f2| UE^LHOI. 9, 9ofe Sg^ g 
a g/Sa gS^ gB^OI OlPfe 2f£g 2f2. UEiyi) Oil mSi S?l (n, = 1)2f gSS(n2 
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= i.5)°f ^mm x\o\o\\ °i5HAi ^ 

%to\ ^mnm s^ai oi£i ^D\\m £ 2011 uEfLjisip. 

Ol^^l dme i^Si ^m^mS &.^£.t^! B^iO!X-^?f. .4^B-.'>Tt ^^2^9^^ ^^^tfOilS £1°^ i^^l'^- 9iG^?4.60]!-rjjt^ ^'^^ {L^^0\ ^ 

Qtm ^U. ^. e^^^oi ^H^^(20) LH^ 301 (core)(23)2F Olg m^^\^^ ^dHE (clad) xfOP^ 0.003-0.005 ^SEejQII 01 

^ 301(23)21 ^mmn ^o\m ^<m^(To)oi ^ &^af£ioi ^^^s coah sisi^ 4= 91^ sioi s&^m ^[ ad 5 

-6^^ xmn\^ 3^oiE^ ^Af ^^o\\ □§! 20^^^ 61 ^cn io--ir§£ 01 LH^ a^o^o^ ^mmow ^A^m^ «i£xii ai 

oiz-isj $Ai ^^21 ^^^t^cHiAH m<iio\\ WQ.^ ^'m^m 4- siCL 

1^^^(20)2^ 4-i^^I^2^2J ^^ ^tlOilAH^ 4i^^Xf::>l &I£a1! eUGlXiHI ^1 CHI ^e£IOi ^od^ y^X^j £i|0lX12f l^^^Hl ^^1.^011 XI ^ 
XI S^IOIlA-j ^^^CHIAH 4^>iig(Ro)OI ^E±X\2\ 4=gg^o^ Sg£i:>il 6^010^ mU. ^ ^AIO^IOIIAH^ 01^ ?|5H. IB^ 

g :?ig:>ii 20^§i ^^^^2j ^mm ^^\m ^^±x[d\ ^\x\m ^^s^^^ moie^ me ^^^^ £^A^ §g2i xim ^ ohua^ £ 2 ^ £ soiiahzh 
g i>^^^ ^^ijnf 4-^m:Hi ^^#£1^ 4-^^(ro)oi ^mow £ioi se^ei ^mmm ^iif:?^ 9x0, 

^mm^i DH^oi g:pioieAH aioin m'c}^'2\ 1/201 ir^^(20)2j ma a mo e ^^oii^ ssoiiah 

^^(To)OI m^m 4 2i^D^. 0\m B^B\^ ^^21 Ai!:'i::'F 4=g^:i:X^2J (-40 dSm 01^^) S^IOil 6H&^£1S ^^Al^ ^^^HJ 

0)01 ^a!^^(to)2f ^^oi:hi £ioi ^ti m ^ en^i 4 sick casus. ^^^^ s^oiiah2j ^ai^ b^^g ma\m ^ziis^o^o^ m^cM (eu 

Ei 5SaOI2£CHIAHb Sl^s.^ 01 §i^). l^^^SJ ^^£x■li aiOIXi ^^6.^21 FWHM (Full Width at Half Maximum)^ 13 £^6^01 <m-aio|| 

21 §^ She S^^2| o^Qf^^ 6S 30'*0!^^o^ ^^O^Of ^^±X[ ^^^'^ g^|2| AiPig ^id^ H^A|-2I SS^g ^^Xl& 4^ ^D. 

«^ecHi. ir^^-2i so^s ^icn 2jD^^^ ea ^^^^cHi mmmow ^'A^moi g^trs &iioixh2i ^<Mir(To)2i ^^i,^oi 

^'^^ 301(23)OilAi2J S£}AF ttc g y01AS:>j| £1 Oj B.I ^^^<MOii ^QSh ^^^^g 0\^D\\ 0iai°^ S^OII^. g^t^ DH^'2| 

o\m %mo\, □<MOii ^aie m e2j i>^^'&^ oh^^ A\mm 4= sick ^ai oii^ah. m^oi 5 mwei «t£x^i &iioixi2i fwhmoi 30°2i 

S¥ ^^^^2J ^□^^|0| 35°§£::'f £|010t ^^^^ SSCHIAH2j £>A^£! ^<M^^OI 4=^^^X^0il Ojxl^ StTP ^Jif^jo^ «hX|W 4= 2^201. OldH 
g^gOl -1.321 ^IS ^1 OHXIKE 3aOilAH2J i^E&^S 25)S Atga^^ §:?H£I S^ilOll #^§[ i>^S^Jlh l.^^l sSS °^^A|^ 4 2i 

ir^i,^ ^£IM OlgmO^ Z'^m ^'±X\Z\ ir^^g CH Ol'S 4^e§^ ^^9.^ 4^ 01^21 

si,^ ^Aj oiig ^^^^ £ 3a ^ £ sboii 9]Dit\o\ ^^m^ omii[ mc[. 

E 3aaiiAH2h ^^^m ^^soiiAH^. aioix-1 Qot££(io)g Qoio^=£U ^^¥Diu m xH^2i :?i5:K3i)oii aoi^sam. 2:^1^^ 

^ £110! X-i D0IS£(10)« ^eAl^l^AH ^^21 E^^O] OI^01XI£^ 301(23)21 3101X4 C|-0|2£2| SEii|-^(1 9)::?^ ^'XlEMI §^^01 

01 OH. ^^-^^(20)^ :)\m^\\ e5o^ao^ ^mm ¥^oi 4^l^i^::X^ ^^o^ trofs^ an3i. ^'sai ^dis ^ §21 ohxii(25)s Afgmoi 

1^:^X^2^ 1^^^(20) MOIM xH^a. CH^OI. S^S ^^^^tf ^:^Xm S^OII^ SUEH £SDiOI£H(36) SEm^(19)2| 4^'m 

D\\ &[Mg(33)g ^^mCL 

Aii^^s l^ee2i qM SS2^(13)3F «}£xii eiioix-121 2^011 swg 2i:?^efoi ei£iii aioiX4(io)s ^^^'ai^i^. «}£x-ii 5jioix-i2i Ems 

(19)21 gr^o^ ^^01 ^^SEICK OlttH. ^m^^ ^^^nJo)B ^'^^ 301(23)2h ^1,^ £111 , ^ SUE-i 5dSCtO|£E(36) ^ 

UE^ «UfM(33)0ilAH «Uh£|01 SUEI ESC^OI EE(36)2i S4^e^^ S4£I01 S^SD. 01 ^bfOIOli:^: 

S^^OI ge51^(13)][lh SUEH MSaOIEE(36)2J n2^M mB\(n 2|¥ 1.1^^ SMSEK 

^^^(20)^^E-1 4=<:ii^KRo)E g^^(20)2^ ^^SIT QHj^1l(25) Z}2j g^^fi xhOICHI 21^01 =^^g^XKlOa) ^9.^ ^OISAH 4^ 

:i:XKioa)2i mm^m{7)9.^ a^£ioi ^§^£1^ 01 ^bmioi:^^ ^g^oi pm ^mB^(^3m ns^ds)^ 

QmB, ^m^m gr^x^2^ s^^2i oi^^ s^oii sioiah ^^:i:X^2i ^^^if ^ais e sbM b^it^^ ^sme a 

^'^m ^^:i:XKlO)S 4=^:^XKlOa) ^ E5 0I 0f£H^g l^SflHI moi ^dl^ EE^ Xii^^E^ 4^e§^g :^I^K41) ?IOil M^^ ^S^IZI. i>^^^(2 

o)g B^oi :?ig:Hi s^^^2j ^^\^\ 4^^^^xKioa) i^a^E^ v-#(43b)oi! g^moi iist^CK ^eoii 

Ea£L ^'£1^ M ^21 QHx-1I(25)^ l^::liX^2^ ^^^(20) MO\m XWEQ. 

4e§^g :'ie.K4i) ?ioii ^^£i^ m^m iiHE2i ?!xi ^ V-S2J ^B E^^^(19)2^ ^^^^ mo\{23):>\ §^£ie^ ^ 

^^^XKlOa)^ m^W^ ^ 0[L\^\ SSOilAHE =4^^0i D\^m°^. 3O1(23)01IAH ^01 4^^^±XKlOa)2| g^HSE^ 

1' ^ OhUEh 4^^^X^2J 0[l^m J\B V-S(43b)2l Be^OilAS "hMS it «A| SSg SsfOI S^£IE^ ^m^M ^^0\\M 4=^^±:Xh2j 

^^mm sei 4^ siCK 

OlttH. V~g (43b) Oil AH 2} ^^A\mm cm ^OiaiS. V-S(43b)2| R^m ^(Au) ^21 m^^O. ^±X\2\ M^g] gSOil^ ^CH gE(45) 

s A^ga^x|o^ oig au ^21 xh^s ^^moiE ¥^^a^cK 

S^g i.^^X^oi 3^011^ ^U^g(33)e ^S§^01IAH2F Q^a^:'^II^ eUE-1 H£EmiEE(36) ^ ^SCHI 4'§r*^EK SUEi SSDOIE 

E(36) ^Al ^PH2 ^ OfUE^ SS01IAH21 4^1^01 ::'f^aFE^\ SLIE1 S^QOI EE(36)2| OfBH^ I^I^K)!! H.Ufe(33) ^«}Afg V-S(43 

a)g l^mS. a^Me(33)(>ilA-1 ^^A^^ ITOI SUE1 S^aOIEE2| g:)HSE^ g4-^ O^Ud^ ^^«fAFg V-a(43a)01IAH 2x^ ^^A\^ ^ 

^Ai R^m mmcA ^4£i°^ gi^^ aes fe^' ^ 
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^^(9^)21 ^ ^ ^^o e,,/2)-9^ ofEH^g mms^m ^^A\m(33)m x^l^^6^^. &>Mg{33)ai!AH ^^oi gr^^i>^ i^^xhsi 

gSS^Oil ^^£1 2^0101 uHE(17a)2^ «[Ex-ll BilOIX-i£] ^^2^011 ol::?^m01 BIIOIXHe ^^2A|5IS yEz^j ei|0IXH2j 

B ^^^^(20)£h igDHx^l(25)e!2l E^m X\0\0\\ 2\m0\ 4^^±X\ ^9.^ '-^Ol^M 4^^^X^£i irS4^e(7)o^ 14=£iai 

£i:n 01 2W ^dhOIOi:^ 2g[0! Pi gSS^(13)3F ^^g.^4:X^£| na^(15)g emOl £l¥ S^SCK 

otg^^ir g4:XF0]lAH^ fil|0IXi(10)2| ^ eUEi SSa012E{36) ^Ufg(33)01IAH H^A^£!0^ 

1^^^A^§ V-a(43a)g SaK)1 eU£-l 5SCF0I2E(36)^ if S-;^#E^ S4=S0i «ja^£l22 01 2^ ^b^OlOi:^ 2&^0I ^ij p 

dm ^ ^^SOI ^§ ^AlOtlOil 5t5H ^ £AI £l2iXI°K 015^^ B Mmo\llX[ °iES 0^UCN. 01 D\^0\\ A^^^S ^ 



B ^^g^ ^^^^ eAioil ^^mm im^'ow 9xo\m\, ^^tim ^^ex-ii ^\o\MSJt ^ 4^^§ 4^^^xhs y^&'o 

^ s^Ai^ii) 01^ ifSii-cHi D\mD\\ ^nm mm mmm mx]\m A^e&^E^Mi. e^Ex^l Biioix-i£^ ^i-si ^^it^ ai 

iiiEx^i eiioiXiOjiAH 'i^tm^ ir^^ &.^A^sl ss^e xic^iaKri ^^iii^^^ ir^E^ sgM-.^xim°5AHE ^^^.2\ mm ^mm ^.oim 

5fCN =?^m t^^^i :±:g^[6h0^ IIH^IS SSOll ^fis.^ yOlES gOlI} bl§e ^^^^Shffl ^:4::Xh CnaiOIH! UH^ISOII SiOiAHE s§ 

yoiE2^ iiH5ixi £[01 g^^^s^ s<Me a^^ sbfs ^^^tha. 

s£m. ^^^±xm siEx^i aioixi ^loii m &iex^i aioix-i2j mm^m o^§^o^ ^xla^::'l ^laFw oihi m^m ^^Aia^^ suei msdoi 
2E£i s^oi :?^^a^c^j. ol£^§^ 2^^%^ giiXF xii^^Ai :?ieoii s^i ^:±:Xh£i s^oiiah ^^MX]\m 
oigmoi ^^MAi5^ g^g^tr m±x[m ^ue\ ssq^iseoii ^^t.^s^ =?^m m9.^m. e^Ex^l aioixi. ^-^^xh ^ sueh 
SMaoi2E:>f s^E! ^^x[2\ ^^mm =?^m ^ ^4il^^a^01 hh^is g§oii yoiES ^om ^e2j eue-i MSc^ol£ES 
^'saF^Qii mmm m^'mo^, o^aioi ^^£x^l ell0lx^2l uh^isoii sioiAHE ggsi ti^oiE2f hh^ixi =?^9Ji mmj\ gioi eu 

Ei M^DOISES Ahga^ ^ 9X?\\ af^ sSPf 2^CK 



(67) ^^2J !^^! 

g^i>^ 1. 

^ ir^^ff o\mm 2.'^%' smoii sioiAH. 

ii^^^j ^e^e □ E^^^ ^01 01^^ ^^E:)h 011^101 ^\^m'm^m:>\\ ^ofa^cM. oi^e ij-^i^ai siex-ii siioix-ioiiAH ^m^\^ 
^ti ^o\^ ^^mmsiu^ i^^^ ^oioiiAH ^^S£i^ ^^^^1.^ it:^xm 4^i>^¥^i^ seso] S4^a:?ii a^o^Mi e^:>hhi i^ 

^^m mmo\ ^m^m D\'^mD\\ ^^s^ sm. 

§^1^2. 

4^g4:X^M £}Exii ailoixioii s^£^ g>^^^if m±xm suEi ssaois^Eg ^aioii s^mo< m^mn, e^^^°i ^^bss £5□^a^Q1. 
o\mm ^^mmM ^^exii aioixnoiiAi ^ti 3oi^ g^i^aoi if^^ ^oioiiAi ^^^a^ 4=^1 0^^^%^ m±x\sji 

¥•1^1-^ seaoi S4=£i:>ii pie^m^ §.K")H2i i^^^^g ga^01 ^'miiim mni bmow «^ex^i d^ioixi^i ^^o]|A^ ^^^sj.^ i^-g 

^^Afxlie OlgaFOI ^MMd^ ^±X\0\\ SUEi 5£DOIEE0i! ^ ^ITSIE^ IT^^^S Oigef ^^^^1,* E^S<M S§. 

S^i>^ 3. 

Hi 1 m ^ XHI 2 mow 9JiO\M. 

^mm^i ^'^m ^±x[2\ E^^ol ^om ir^^ mois g:?! oisihi dhxiis xh^^ ^ses 2.'^'m mm^ em. 

4. 

XII 3 i>^oii s^oiAH. mDHm^2\ Emms. 

^^^^ Emm2[ QE A\Bm9^m ^^^oii ^ti ^^^oiiah ^^^a^ ^ti ^^Eg ^i^ai^i^ ^§e^ 
m El. 

5. 

M 1 ^ Xil 2 E^Oil S^OIAH. 

if^^g mmo\?\\ ^D^a^xl a^n it^c^^sj ^^oi £ie^ afoi ^oi ^goi ims^ si^gE^ ^^^s M^m 
^ ^§ES 6^fe %^^m ^mti se. 

g^i>^ 6. 

XII 5 i>^aii aiOiAH. 

^Ol S^iTE! lr^X^2^ ^^lE^ ^DfE! MOie gUI 0I2I2I DH^tll^ XH^^ ^SE^ g.^^^fl EM. 
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m^m 7. 

M 1 mow 9JiO\M. 

^^:r:^xh 5Eo^ s^a^:>^l mo^ ^ig£| ^^^e^oi oi^chk^^ s^^hj 3ch2f suf^df a'xisMi §i5K>i iissf:;:, ^^eesj ge^^^f 
^^xi\ aiioinsj n^^oi} s^s 9iD\mcn eiioix-is ^^^Am oh ^y^xw ^\o\x^ En^^si si^^o^ i^^^ 30i£f 

euEH ssuoise:?^ s^^ g>^^^i,^ ^±x[m ao\o\^^u a^^oiu e xh^sj di^^ow Dot^smi] ^'ai^ xh^ ihj ^^Aimm £L^ 
^::?F a'xia:H! s^6K)^ i3§6h:2. ^eisj ge^^nh «^SEx^l eiioiJi^i n^^oii swa ei::?^5^o^ eiioixis ^'BM^ u ^^Ex^l 

g^E^ 11. 

Xil 2 1,^011 ^iOiAH. 

^UE^ ssaoiSE gf^^E^ s^i^x^s 4^i^4:XF m ^oi ofan^e E^a^zni 5^01 x-ii^ith ^loii 

sm. ^^AF^g euE-i ssaoiSH ^ m^m ^ 20^9 s^^^g zi ¥^oi ^^^±x[ ^^e^:>ii §^01 ^^^^ v^g 

Oj^S^a^OI ^^£x-|| aiOIX-iSJ ^^^Oil £|§H ^^Ex-il 5II0IX^ Em^°j 2^^^^ ^^^£1^ 30i£f ^^^oi 2UEi 

§^i>^ 12. 

XII 10 l^Oil 910] 

SLiEi ssaoi22Hj om^ di^l^ow ^afs v-ss ^^^m^ ^S2^ ^^^m ^m-ti e^. 

XII 12 SJCHI 2^0^ AH. ^^D\ m^A[^ V-S£i S^g ^^9.^ 311^^ ^S2^ gfg^W ItS^lii 2M. 

g^ii 14. 

Xil 2 i>^01l 2^ 01 AH. 

^.^AhgoijAH «^A[-9 1.^01 ^^2xji eiloixisi 2ru^^ ^ ^^xim:?i ?imoi 2mM£F ^mm ^^Aim^] ^^A[^m 

ii\o\x\2] ^^^m iicn ^^6.^^^(ej2j i sp b 9^/2)2^ oF£H^e E^me^ in^^m^^^i ^uFgoiiAH ^^A^^ ^^oi &.^2xll m\x^ 

^^ir 15. 

X-ll 10 1^ ^ XII 11 ifOII SIOIAH. 

E±x\2^ ^^eoii WQm 0I2I0II o\^9\ m^^ m hhes ch sifm^ ^S2^ g>^^^E^ i^gAi 

S^W 16. 

Xi! 10 ^ Xil 11 s^CHI 2.1 01 AH. 

E^x[D\ :)j^^c>ll 2^0101 ^gg uHEs g^ah^ ^s^s gT^^i,^ 2§. 

£2? 
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